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We examined the relation between dietary fruit and vegetables, carotenoids and vitamin intakes and the risk of bladder cancer
among male smokers in a prospective cohort study. Over a median of 11 years, we followed 27111 male smokers aged 50–
69 years who were initially enrolled in the Alpha-Tocopherol Beta-Carotene Cancer Prevention Study. During this period, 344
men developed bladder cancer. All of these men had completed a 276-food item dietary questionnaire at baseline. Cox
proportional hazards models were used to estimate the relative risks and 95% conﬁdence intervals and to simultaneously
adjust for age, smoking history, energy intake and intervention group. Consumption of fruits and vegetables was not associated
with the risk of bladder cancer (relative risk=1.28; 95% conﬁdence intervals CI: 0.89–1.84, for highest vs lowest quintile).
Similarly, no associations were observed for groups of fruits or vegetables (berries and cruciferous vegetables), or for speciﬁc
fruits and vegetables. Dietary intakes of alpha-carotene, beta-carotene, lycopene, lutein/zeaxanthin, beta-cryptoxanthin,
vitamins A, E, and C, and folate were not related to the risk of bladder cancer. These ﬁndings suggest that fruit and vegetable
intakes are not likely to be associated with bladder cancer risk. However, these results may not be generalisable to non-
smokers.
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In a recent meta-analysis of diet and bladder cancer, a relative risk
of 1.40 (95% conﬁdence interval=1.08–1.83) was reported for a
diet low in fruit intake (Steinmaus et al, 2000). Inverse associations
were observed for total fruit consumption in four cohort studies
(Mills et al, 1991; Shibata et al, 1992; Chyou et al, 1993; Nagano
et al, 2000), but these studies had small numbers of bladder cancer
(ranging from 52 to 106), and in only one was the difference
signiﬁcant (Nagano et al, 2000). In two other large prospective
studies, no associations were observed for intakes of total fruits
or vegetables (Michaud et al, 1999; Zeegers et al, 2001b).
Most observational studies have found no association of intakes
of vitamins A and C with bladder cancer risk (World Cancer
Research Fund & American Institute for Cancer Research, 1997a;
Steinmaus et al, 2000). To date, only one case–control study has
reported a signiﬁcant inverse association with total dietary and
supplemental vitamin C intake (Bruemmer et al, 1996). Three
studies (Shibata et al, 1992; Bruemmer et al, 1996; Michaud et al,
2000) have observed inverse associations with supplement vitamin
E (the ﬁrst was not statistically signiﬁcant). No associations were
observed for intakes of speciﬁc carotenoids and risk of bladder
cancer in two studies (Michaud et al, 2000; Zeegers et al, 2001a).
To clarify these questions among smokers, we examined these
exposures in the Alpha-Tocopherol, Beta-Carotene Cancer Preven-
tion (ATBC) Study.
SUBJECTS AND METHODS
Study cohort
The Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC)
Study was established between 1985 and 1988 when 29133 male
smokers aged 50–69 years living in southwestern Finland agreed
to participate and were randomised into the trial. The original trial,
testing the effect of alpha-tocopherol and beta-carotene supple-
mental intakes on lung and other cancer risk using a 262
factorial design, ended in April 1993. Since then, all men in the
trial have been followed-up for disease endpoints or death through
the Finnish Cancer Registry and the Registry of Causes of Death.
At baseline, men were excluded from the trial if they smoked less
than ﬁve cigarettes per day, had prior cancer, a serious disease
limiting long-term participation, or if they were users of vitamins
E, A or beta-carotene supplements in excess of predeﬁned doses
(420 mg per day of vitamin E, 420000 IU per day of vitamin
A, or 46 mg per day of beta-carotene). The rationale, methods,
participation characteristics, compliance, and main results of the
ATBC study are described in detail elsewhere (The Alpha-Toco-
pherol Beta-Carotene Cancer Prevention Study Group, 1994a,b).
The study was approved by the institutional review boards of both
the National Public Health Institute in Finland and the National
Cancer Institute in the US.
Data on health status, smoking, height, weight and other char-
acteristics were obtained at the time of entry into the trial. Men
were excluded from the analyses if they did not complete the diet-
ary questionnaire or if the dietary information was incomplete
(n=2022), leaving a total of 27111 men for analyses.
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The food use questionnaire included 276 food and beverage items
commonly consumed in Finland and used a colour picture book to
guide the subjects with respect to portion sizes. Participants were
asked to report their average intake and portion size for each food
over the past 12 months. Nutrient intakes were calculated by using
the food composition database of the National Public Health Insti-
tute in Finland. Data on dietary carotenoid and retinol intakes
were based primarily on food composition tables developed from
HPLC analyses of Finnish foods (Heinonen et al, 1988a,b,
1989a,b; Ollilainen et al, 1989).
Over 45 items were aimed at capturing fruit and vegetable
consumption, including seasonal differences for numerous fruits.
In addition to combining all fruits (including berries) and vegeta-
bles for analysis, we created two other groups: cruciferous
vegetables (broccoli, cauliﬂower, cabbage, Brussel sprouts, and
rutabaga), and berries (strawberries, blueberries, black currants,
red currants, raspberries, gooseberries, cloudberries, lingonberries).
Carrots were the only frequently consumed ‘yellow/orange vegeta-
bles’ and citrus fruits were asked as one question (oranges,
mandarins, grapefruit).
The questionnaire used for this study was tested for reproduci-
bility and validity among 311 men selected to represent
participants in the ATBC Study (Pietinen et al, 1988). In the vali-
dation study, 190 men completed 24 days of food records (12
records for two consecutive days each) distributed evenly over a
6-month period, and two food use questionnaires (one before
and one after records). Correlations for all nutrients (corrected
for attenuation) ranged between 0.50 for selenium to 0.86 for
starch, and were 0.55, 0.70 and 0.76 for vitamins A, C, and E,
respectively (Pietinen et al, 1988).
Ascertainment of bladder cancer cases
All cases of bladder cancer were identiﬁed through the Finnish
Cancer Registry and the Register of Causes of Death from baseline
to the end of December 1998, providing complete ascertainment of
cases (Kyllonen et al, 1987). Medical records were reviewed by one
or two study physicians, and only cases with conﬁrmed incident
bladder cancer were included (ICD-9 code 188 and 233.7)
(Services, 2001). Cancers of the renal pelvis, ureter and urethra
(ICD-9 codes 189.1, 189.2 and 189.3) (Services, 2001) were not
included in the present analyses. Over a median follow-up of 11
years, 344 men were diagnosed with bladder cancer among those
who were eligible for the analyses in this study.
Statistical analysis
We calculated person-years of observation for each participant
from the date of randomisation to the date of bladder cancer diag-
nosis, death, or December 31, 1998, whichever came ﬁrst. Men
were categorised by quintiles (or categories) of dietary intakes
using the baseline food use questionnaire. Nutrient analyses (caro-
tenoids and vitamins) were adjusted for total energy intake using
the residual method (Willett, 1990). We used Cox proportional
hazards models to estimate risk and simultaneously adjust for
age (continuous), duration of cigarette smoking (continuous),
cigarette dose (continuous), and intervention assignment. In addi-
tion, we included total energy (quintiles) when modelling the fruit
and vegetable items. Additional adjustment for potential confoun-
ders, including quintiles of ﬂuid intake (from coffee, milk, juice,
etc, but not including non-bottled water as it was not assessed),
education, body mass index (BMI), area of residence, and smoking
inhalation, did not change the associations of the nutrients and
foods presented in this paper. Test for trends were conducted by
using the median values for each quintile of food or nutrient
and modelling them as a continuous variable. All P values are
two-sided.
RESULTS
During a median follow-up time of 11 years, 344 cases of bladder
cancer were diagnosed in the cohort. On average, men with a high
fruit and vegetable intake had smoked fewer cigarettes and fewer
years, had attained higher levels of education, and were less likely
to live in small towns/rural areas than men who consumed low
amounts of fruits and vegetables (Table 1). Intakes of total energy,
folate, vitamins A, C, and E were all higher among frequent consu-
mers of fruits and vegetables.
Consumption of fruits and vegetables was not associated with
the risk of bladder cancer in this cohort of male smokers (Table
2). Controlling for smoking history, trial group, and energy intake
did not change the relative risks substantially and there was no
indication of an inverse association for either total fruit, or total
vegetable intake. Similarly, we observed no relation between intakes
of cruciferous vegetables or total berries and the risk of bladder
cancer (Table 2). Results for total fruit and vegetable intakes, as
well as those for the different groupings, were similar across strata
of smoking duration (data not shown).
We selected frequently consumed vegetable items and examined
these individually (carrots, peas, tomatoes, and cauliﬂower). None
of these vegetable items were associated with the risk of bladder
cancer (data not shown). Few people reported eating broccoli;
however, among those who reported consuming any broccoli
during the year, we observed a statistically nonsigniﬁcant relative
risk of 0.78 (95% CI=0.50–1.23) compared to those who never
reported eating broccoli.
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Table 1 Baseline characteristics
a by total fruit and vegetable intake in the
Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study (ATBC) Co-
hort, 1985–1998
Quintile of total fruit and vegetable
Characteristics 1 2345
Median intake (g per day) 83.6 152.1 212.4 286.1 422.3
Age (years) 57.6 57.4 57.2 57.1 56.6
BMI (kg m
72)
b 26.0 26.3 26.2 26.4 26.5
Height (m) 1.73 1.73 1.74 1.74 1.75
Smoking history
Cigarettes/day 22.1 20.9 20.0 19.8 19.2
Number of years smoked 36.9 36.3 35.8 35.7 34.9
Age started smoking (year) 19.0 19.3 19.5 19.6 19.9
Smoking inhalation
Never/seldom (%) 7.3 8.4 8.7 8.7 11.7
Always/often (%) 92.6 91.6 91.3 91.3 88.3
Education level
Primary (%) 75.2 69.0 65.8 60.3 52.1
High school (%) 6.5 6.9 7.4 8.1 9.8
Vocational (%) 16.5 21.2 23.1 25.8 30.1
University (%) 1.8 3.0 3.7 5.8 8.0
Area of residence
Rural (%) 62.7 60.2 57.7 55.0 51.9
Dietary intake (daily)
Energy (kcal) 2488 2674 2797 2927 3189
Fluid (ml) 1674 1638 1621 1609 1655
Vitamin E (mg)
c 11.4 13.3 14.0 15.4 16.6
Vitamin A (mg)
c 1602 1818 1950 2106 2327
Vitamin C (mg)
c 82 109 131 154 199
Folate (mg)
c 293 318 334 350 375
aAge-adjusted;
bBMI=Body Mass Index;
cEnergy-adjusted vitamin intake from
diet+vitamin supplement.
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ã 2002 Cancer Research UK British Journal of Cancer (2002) 87(9), 960–965Intakes of a-carotene, b-carotene, lutein/zeaxanthin, lycopene,
and b-cryptoxanthin were not related to the risk of bladder cancer
in both age-adjusted and multivariate analyses (Table 3). Findings
for the individual carotenoid intakes remained null within strata of
smoking duration (435, 36–45, 445 years of smoking), which
was the strongest predictor of bladder cancer risk in this cohort
(data not shown).
Dietary intakes of vitamins A, C, E and folate were not asso-
ciated with the risk of bladder cancer (Table 4). Vitamin
supplements (mostly from multivitamins) reported on the baseline
questionnaire did not contribute substantially to total vitamin
intake as fewer than 15% of the men in this cohort reported taking
some form of vitamin supplement prior to the study intervention.
Adding vitamin supplements to the dietary intakes did not result in
substantial changes in the relative risk estimates (data not shown).
Supplemental intakes of vitamins A, C, E, or folate were not related
to the risk of bladder cancer (data not shown).
We stratiﬁed the vitamin analyses by the four groups of the
ATBC trial (alpha-tocopherol and beta-carotene) to examine
whether associations for vitamin A, E and C intakes were modiﬁed
by supplementation of beta-carotene and vitamin E. A suggestive
inverse association was observed for total vitamin E intake and
bladder cancer risk in the placebo group (Table 5). A statistically
signiﬁcant elevation in risk of bladder cancer was observed for high
vs low levels of vitamin A intake at baseline, but this was only
observed in the trial arm taking beta-carotene supplements alone
and not in the other three groups.
DISCUSSION
No associations were observed in this cohort of male smokers
between the consumption of fruits and vegetables and the risk of
bladder cancer. Groupings by different types of fruits and vegeta-
bles (e.g., berries, cruciferous vegetables) gave similar null results.
Dietary intakes of alpha-carotene, beta-carotene, lycopene, lutein/
zeathanthin, and beta-cryptoxanthin were not related to bladder
cancer risk. Neither dietary nor total intakes (including supplement
use) of vitamins A, E, C and folic acid were associated with bladder
cancer risk.
The majority of studies that have examined dietary factors and
bladder cancer risk have been case–control studies. In a recent
meta-analysis of published data (through 1998) on six dietary
factors and bladder cancer risk the authors concluded that diets
low in fruits, and to a lesser extent those low in vegetables, were
associated with an increased risk of bladder cancer (Steinmaus et
al, 2000). In this meta-analysis, the authors did not stratify the
results by smoking status. When examined individually, however,
ﬁndings have been inconsistent across studies. This is perhaps
not surprising given the diversity of populations studied and meth-
odological concerns, including small numbers in ﬁve prospective
studies, varying numbers of questions on consumption of fruits
and vegetables (between 2 and 44 items), and the possibility of
recall bias and other biases in case–control studies.
The lack of associations in the present study raises some
methodological issues. Nondifferential misclassiﬁcation from
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Table 2 Relative risks (RR) of bladder cancer according to fruit and vegetable intake in the ATBC co-
hort, 1985–1998
a
Quintile of intake
P-value,
Dietary intakes 1 2 3 4 5 trend test
Total fruit and vegetable
Median (g per day) 83.6 152.1 212.4 286.1 422.3
Cases 62 75 74 65 68
Age-adjusted RR 1.0 1.21 1.18 1.04 1.12 0.88
Multivariate RR 1.0 1.27 1.29 1.15 1.28 0.38
95% CI ref. (0.91–1.79) (0.91–1.81) (0.81–1.65) (0.89–1.84)
Total vegetable
Median (g per day) 39.5 69.8 99.0 136.0 205.3
Cases 71 54 76 74 69
Age-adjusted RR 1.0 0.78 1.10 1.07 1.05 0.35
Multivariate RR 1.0 0.81 1.16 1.15 1.16 0.14
95% CI ref. (0.56–1.15) (0.84–1.61) (0.83–1.61) (0.82–1.63)
Total fruit
Median (g per day) 25.0 65.1 105.2 152.3 245.4
Cases 68 72 79 56 69
Age-adjusted RR 1.0 1.03 1.12 0.79 0.98 0.52
Multivariate RR 1.0 1.09 1.22 0.87 1.10 0.98
95% CI ref. (0.78–1.52) (0.88–1.69) (0.60–1.24) (0.77–1.57)
Cruciferous vegetables
Median (g per day) 0 4.0 9.7 17.1 33.0
Cases 71 54 62 82 75
Age-adjusted RR 1.0 0.75 0.87 1.15 1.09 0.10
Multivariate RR 1.0 0.77 0.90 1.19 1.15 0.05
95% CI ref. (0.54–1.09) (0.64–1.27) (0.86–1.63) (0.83–1.60)
Total berries
Median (g per day) 4.1 14.3 26.3 43.0 79.4
Cases 76 70 62 68 68
Age-adjusted RR 1.0 0.91 0.78 0.83 0.79 0.21
Multivariate RR 1.0 0.93 0.82 0.89 0.87 0.54
95% CI ref. (0.70–1.29) (0.59–1.16) (0.64–1.24) (0.62–1.23)
aMultivariate RR include age (continuous), duration of smoking (continuous), smoking dose (continuous), total energy
(quintiles), and trial interventions (alpha-tocopherol and beta-carotene supplements); 95% CI=95% conﬁdence
intervals.
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British Journal of Cancer (2002) 87(9), 960–965 ã 2002 Cancer Research UKmeasurement error can bias associations towards the null. In this
study, a quantitative food use questionnaire was administered to
participants and assistance was offered to those who had difﬁ-
culty understanding the questions. While we cannot exclude
the possibility that the lack of association may be due to
misclassiﬁcation, it is unlikely that there would be more misclas-
siﬁcation in this study than in previous studies that have
observed inverse associations using similar dietary assessments
(Mills et al, 1991; Shibata et al, 1992; Bruemmer et al, 1996).
Confounding by occupational exposures may have occurred if
men in high-risk occupations consumed more fruits and vegeta-
bles than the rest of the population.
A lack of association may also arise if the range of intake for the
exposure of interest is not sufﬁciently large. The number of fruit
and vegetable items in the questionnaire in this study far surpasses
most previous studies on this topic (over 45 items for individual
fruits and vegetables) and the range for total fruits and vegetables
is greater or similar to those reported in previous studies (Zeegers
et al, 2001b). Although this holds true for total fruits and vegeta-
bles, some individual vegetables, including broccoli, were eaten
infrequently in this population, possibly explaining the lack of
association with cruciferous vegetables.
Another possible explanation for the lack of association observed
for cruciferous vegetable intake in this study may be cigarette
smoking. In the Health Professionals Follow-Up Study (Michaud
et al, 1999), cruciferous vegetable intake was inversely related to
bladder cancer risk, but after stratifying by smoking status the
inverse association was only apparent among nonsmokers. It may
be that smokers do not beneﬁt from the effects of consuming a diet
high in cruciferous vegetables. Cruciferous vegetables are high in
glucosinolates, which are hydrolysed to isothiocyanates in the body
(Zhang and Talalay, 1994). These compounds can enhance the
activity of detoxifying enzymes such as glutathione S-transferase
(Zhang and Talalay, 1994); however, these enzymes are not
involved in the detoxiﬁcation of aromatic amines, which appear
to be the most important bladder carcinogens found in cigarettes
(Vineis and Pirastu, 1997). In the Netherlands Cohort Study, the
authors did not indicate whether the inverse association between
cauliﬂower and bladder cancer risk was modiﬁed by smoking status
(Zeegers et al, 2001b).
To our knowledge, only three studies (Garcia et al, 1999;
Michaud et al, 1999; Zeegers et al, 2001a) have published ﬁnd-
ings for the relation between individual carotenoid intakes and
bladder cancer risk. No associations were observed for alpha-
carotene, beta-carotene, lycopene or lutein intakes in these publi-
cations, but an inverse association was reported for beta-
cryptoxanthin in the Netherlands Cohort Study, which was parti-
cularly strong among heavy smokers (Zeegers et al, 2001a).
Carotenoids have many properties that may be important in
the prevention of carcinogenesis, antioxidation having been the
primary focus in many studies. Recent research found that caro-
tenoids have other pertinent properties, including antimutagenic
and anticlastogenic effects (Rauscher et al, 1998), inhibitory
effects on Epstein-Barr virus activation activity of a tumour
promoter (Tsushima et al, 1995), and cytoprotective effects
(Javor et al, 1983).
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Table 3 Relative risks of bladder cancer with carotenoid intake in the ATBC Cohort, 1985–1998
a
Quintiles
P-value,
Dietary intakes 1 2 3 4 5 trend test
a-Carotene intake
Median (mg per day) 111 262 447 721 1333
Cases 75 59 68 69 73
Age-adjusted RR 1.0 0.80 0.91 0.93 0.95 0.84
Multivariate RR 1.0 0.83 0.96 0.98 1.02 0.54
95% CI ref. (0.59–1.17) (0.69–1.33) (0.71–1.37) (0.74–1.41)
b-Carotene intake
Median (mg per day) 775 1207 1689 2382 3944
Cases 64 65 69 75 71
Age-adjusted RR 1.0 1.02 1.06 1.15 1.06 0.63
Multivariate RR 1.0 1.05 1.10 1.22 1.15 0.37
95% CI ref. (0.74–1.48) (0.78–1.55) (0.88–1.71) (0.82–1.61)
Lutein/zeaxanthin intake
Median (mg per day) 952 1185 1363 1562 1906
Cases 64 67 67 74 72
Age-adjusted RR 1.0 1.04 1.06 1.14 1.13 0.38
Multivariate RR 1.0 1.07 1.11 1.21 1.21 0.20
95% CI ref. (0.76–1.51) (0.78–1.56) (0.87–1.70) (0.86–1.70)
Lycopene intake
Median (mg per day) 117 348 590 910 1588
Cases 68 64 67 67 78
Age-adjusted RR 1.0 0.96 1.03 1.05 1.26 0.10
Multivariate RR 1.0 0.97 1.07 1.08 1.32 0.05
95% CI ref. (0.69–1.37) (0.76–1.50) (0.77–1.52) (0.95–1.83)
b-Cryptoxanthin intake
Median (mg per day) 2.8 10.6 22.2 38.0 76.9
Cases 72 72 61 62 77
Age-adjusted RR 1.0 1.05 0.88 0.90 1.12 0.49
Multivariate RR 1.0 1.07 0.92 0.95 1.18 0.34
95% CI ref. (0.77–1.49) (0.65–1.30) (0.68–1.34) (0.85–1.62)
aMultivariate RRs include age (continuous), duration of smoking (continuous), smoking dose (continuous), total energy
(quintiles), and trial intervention (alpha-tocopherol and beta-carotene supplementation). 95% CI=95% conﬁdence
interval.
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ã 2002 Cancer Research UK British Journal of Cancer (2002) 87(9), 960–965The lack of an association for vitamin E intake does not exclude
the possibility that an effect for vitamin E exists among nonsmo-
kers or persons with 10 or more years of supplement use. In a
cohort of male professionals, an inverse association was observed
for vitamin E supplement use and bladder cancer risk, and the
lowest relative risk was seen among men with 10 or more years
of vitamin E supplement use (Michaud et al, 2000). Furthermore,
the association was not observed among smokers, although there
was limited power for this analysis. Vitamin E supplement use
has been inversely related to bladder cancer risk in two other
case–control studies with supplement data (Shibata et al, 1992;
Bruemmer et al, 1996) (although only the latter was statistically
signiﬁcant). In addition, although statistically insigniﬁcant, our
results are consistent with a small decrease in risk among high vita-
min E consumers. Although supplementation with vitamin E for
5–8 years had no effect on urothelial cancer risk (Virtamo et al,
2000), a longer exposure period may be necessary for high levels
of vitamin E to affect the risk of bladder cancer.
While early studies indicated that vitamin A intake may be
related to bladder cancer risk (Kolonel et al, 1985; Mettlin and
Graham, 1979), numerous other studies have not conﬁrmed these
ﬁndings, and retinol intake was not related to risk of bladder
cancer in a meta-analysis (Steinmaus et al, 2000). Our ﬁndings
are consistent with this, as well as for a null ﬁnding for vitamin
C intake (World Cancer Research Fund & American Institute for
Cancer Research, 1997b).
We did not observe an inverse association for total fruit and
vegetable intakes and bladder cancer risk in this cohort of male
smokers. In two previous cohorts, inverse associations were
observed for cruciferous vegetables, however, because broccoli
and cauliﬂower were not frequently consumed in this population
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Table 4 Relative risks of bladder cancer for dietary vitamins A, C, E and folate intakes in the ATBC
Cohort, 1985–1998
a
Quintiles of intake
P-value,
1 2 3 4 5 trend test
Vitamin A
Median (mg per day) 889 1204 1563 2089 3054
Cases 68 69 64 70 73
Age-adjusted RR 1.0 0.97 0.90 1.01 1.04 0.67
Multivariate RR 1.0 0.99 0.92 1.03 1.06 0.60
95% CI ref. (0.71–1.38) (0.65–1.29) (0.74–1.44) (0.76–1.47)
Vitamin C
Median (mg per day) 50.3 70.2 87.3 108.2 146.7
Cases 58 68 64 82 72
Age-adjusted RR 1.0 1.16 1.09 1.38 1.23 0.18
Multivariate RR 1.0 1.20 1.16 1.47 1.35 0.06
95% CI ref. (0.85–1.71) (0.81–1.65) (1.05–2.06) (0.95–1.91)
Vitamin E
Median (mg per day) 7.2 8.8 10.3 12.8 18.6
Cases 82 61 74 68 59
Age-adjusted RR 1.0 0.75 0.95 0.89 0.75 0.23
Multivariate RR 1.0 0.77 1.00 0.94 0.79 0.37
95% CI ref. (0.56–1.08) (0.73–1.37) (0.68–1.30) (0.56–1.11)
Folate
Median (mg per day) 257.3 295.6 324.1 353.7 400.2
Cases 65 69 70 75 65
Age-adjusted RR 1.0 1.07 1.11 1.18 1.05 0.64
Multivariate RR 1.0 1.10 1.17 1.28 1.16 0.29
95% CI ref. (0.79–1.55) (0.83–1.64) (0.91–1.79) (0.82–1.64)
aMultivariate RR include age (continuous), duration of smoking (continuous), smoking dose (continuous), total energy
(quintiles), and trial intervention (alpha-tocopherol and beta-carotene supplements). 95% CI=95% conﬁdence interval.
Table 5 Multivariate relative risks of bladder cancer according to quin-
tiles of total vitamins A, C and E intakes, stratiﬁed by trial supplement
groups
AT=0, BC=0
a AT=0, BC=1
a AT=1, BC=0
a AT=1, BC=1
a
Vitamin A
1 1.0 1.0 1.0 1.0
2 0.83 2.18 0.73 1.15
3 0.78 3.25 0.72 0.64
4 0.48 2.46 0.89 1.18
5 1.05 3.92 0.66 1.22
95% CI
b (0.55–1.98) (1.70–9.00) (0.34–1.26) (0.64–2.35)
Trend test P=0.90 P=0.003 P=0.40 P=0.42
Vitamin C
1 1.0 1.0 1.0 1.0
2 1.52 0.53 1.48 0.90
3 1.26 1.15 1.34 1.34
4 1.66 1.46 1.35 0.81
5 0.96 1.32 1.36 1.60
95% CI
b (0.43–2.15) (0.69–2.51) (0.68–2.71) (0.83–3.06)
Trend test P=0.74 P=0.11 P=0.62 P=0.11
Vitamin E
1 1.0 1.0 1.0 1.0
2 0.85 0.86 0.69 0.81
3 1.00 1.35 1.00 0.82
4 0.74 0.99 1.13 0.87
5 0.49 1.13 1.11 0.84
95% CI
b (0.22–1.07) (0.59–2.19) (0.60–2.07) (0.44–1.59)
Trend test P=0.06 P=0.70 P=0.82 P=0.77
aAT=alpha-tocopherol supplement (1=yes, 0=no); BC=beta carotene supplement
(1=yes, 0=no).
b95% conﬁdence interval is for the 5th vs 1st quintile.
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and supplemental vitamins A, E, and C, and carotenoids were not
related to bladder cancer risk. Based on these ﬁndings, it is unlikely
that total fruits and vegetables play a major role in bladder cancer
prevention among smokers. Future studies should focus on the
association between intakes of fruits and vegetables and bladder
cancer risk among nonsmokers.
ACKNOWLEDGEMENTS
This research was supported by Public Health Service contract
N01CN45165 and N01CN45035 from the National Cancer Insti-
tutes of the U.S. Department of Health and Human Services.
REFERENCES
Bruemmer B, White E, Vaughan TL, Cheney CL (1996) Nutrient intake in
relation to bladder cancer among middle-aged men and women. Am J
Epidemiol 144: 485–495
Chyou P-H, Nomura AMY, Stemmermann GN (1993) A prospective study of
diet, smoking, and lower urinary tract cancer. Ann Epidemiol 3: 211–216
Garcia R, Gonzalez CA, Agudo A, Riboli E (1999) High intake of speciﬁc
carotenoids and ﬂavonoids does not reduce the risk of bladder cancer.
Nutr Cancer 35: 212–214
Heinonen MI, Ollilainen V, Linkola EK, Varo PT, Koivistoinen PE (1988a)
Carotenoids and retinoids in Finnish foods: dietary fats. J Food Comp Anal
1: 334–340
Heinonen MI, Ollilainen V, Linkola EK, Varo PT, Koivistoinen PE (1988b)
Carotenoids and retinoids in Finnish foods: meat and meat products. J
Food Comp Anal 1: 178–188
Heinonen MI, Ollilainen V, Linkola EK, Varo PT, Koivistoinen PE (1989a)
Carotenoids and retinoids in Finnish foods: cereal and bakery products.
Cereal Chem 66: 270–273
Heinonen MI, Ollilainen V, Linkola EK, Varo PT, Koivistoinen PE (1989b)
Carotenoids in Finnish foods: vegetables, fruits, and berries. J Agric Food
Chem 37: 655–659
Javor T, Bata M, Lovasz L, Moron F, Nagy L, Patty I, Szabolcs J, Tarnok F,
Toth G, Mozsik G (1983) Gastric cytoprotective effects of vitamin A and
other carotenoids. Int J Tissue React 5: 289–296
Kolonel LN, Hinds MW, Nomura AMY, Hankin JH, Lee J (1985) Relation-
ship of dietary vitamin A and ascorbic acid intake to the risk for cancers of
the lung, bladder, and prostate in Hawaii. Natl Cancer Inst Monogr 69:
137–142
Kyllonen LE, Teppo L, Lehtonen M (1987) Completeness and accuracy of
registration of colorectal cancer in Finland. Ann Chir Gynaecol 76: 185–
190
Mettlin C, Graham S (1979) Dietary risk factors in human bladder cancer.
Am J Epidemiol 110: 255–263
Michaud D, Spiegelman D, Clinton S, Rimm E, Willett W, Giovannucci E
(1999) Fruit and vegetable intake and incidence of bladder cancer in a male
prospective cohort. J Natl Cancer Inst 91: 605–613
Michaud DS, Spiegelman D, Clinton SK, Rimm EB, Willett WC, Giovannucci
E (2000) Prospective study of dietary supplements, macronutrients, micro-
nutrients, and risk of bladder cancer in US men. Am J Epidemiol 152:
1145–1153
Mills PK, Beeson WL, Phillips RL, Fraser GE (1991) Bladder cancer in a low
risk population: results from the Adventist Health Study. Am J Epidemiol
133: 230–239
Nagano J, Kono S, Preston DL, Moriwaki H, Sharp GB, Koyama K, Mabuchi
K (2000) Bladder-cancer incidence in relation to vegetable and fruit
consumption: a prospective study of atomic-bomb survivors. Int J Cancer
86: 132–138
Ollilainen V, Heinonen MI, Linkola EK, Varo PT, Koivistoinen PE (1989)
Carotenoids and retinoids in Finnish foods: dairy products and eggs. J
Dairy Sci 72: 2257–2265
Pietinen P, Hartman AM, Haapa E, Rasanen L, Haapakoski J, Palmgren J,
Albanes D, Virtamo J, Huttunen JK (1988) Reproducibility and validity
of dietary assessment instruments. I. A self-administered food use ques-
tionnaire with a portion size picture booklet. Am J Epidemiol 128: 655–
666
Rauscher R, Edenharder R, Platt KL (1998) In vitro antimutagenic and in
vivo anticlastogenic effects of carotenoids and solvent extracts from fruits
and vegetables rich in carotenoids. Mutat Res 413: 129–142
Services, U.D.o.H.a.H (2001) International Classiﬁcation of Diseases, 9th Revi-
sion, Clinical Modiﬁcation. US Public Health Service: Washington, DC
Shibata A, Paganini-Hill A, Ross RK, Henderson BE (1992) Intake of vegeta-
bles, fruits, beta-carotene, vitamin C and vitamin supplements and cancer
incidence among the elderly: a prospective study. Br J Cancer 66: 673–679
Steinmaus CM, Nunez S, Smith AH (2000) Diet and bladder cancer: a meta-
analysis of six dietary variables. Am J Epidemiol 151: 693–702
The Alpha-Tocopherol Beta-Carotene Cancer Prevention Study Group
(1994a) The Alpha-Tocopherol, Beta-Carotene Lung Cancer Prevention
Study: Design, methods, participant characteristics, and compliance. Ann
Epidemiol 4: 1–10
The Alpha-Tocopherol Beta-Carotene Cancer Prevention Study Group
(1994b) The effect of vitamin E and beta carotene on the incidence of lung
cancer and other cancers in male smokers. N Engl J Med 330: 1029–1035
Tsushima M, Maoka T, Katsuyama M, Kozuka M, Matsuno T, Tokuda H,
Nishino H, Iwashima A (1995) Inhibitory effect of natural carotenoids
on Epstein-Barr virus activation activity of a tumor promoter in Raji cells.
A screening study for anti-tumor promoters. Biol Pharm Bull 18: 227–233
Vineis P, Pirastu R (1997) Aromatic amines and cancer. Cancer Causes
Control 8: 346–355
Virtamo J, Edwards BK, Virtanen M, Taylor PR, Malila N, Albanes D, Huttu-
nen JK, Hartman AM, Hietanen P, Maenpaa H, Koss L, Nordling S,
Heinonen OP (2000) Effects of supplemental alpha-tocopherol and beta-
carotene on urinary tract cancer: incidence and mortality in a controlled
trial (Finland). Cancer Causes Control 11: 933–939
Willett WC (1990) Nutritional Epidemiology. Oxford University Press: New
York, NY
World Cancer Research Fund & American Institute for Cancer Research
(1997a) Food, nutrition and the prevention of cancer: a global perspective.
American Institute for Cancer Research: Washington, DC
World Cancer Research Fund & American Institute for Cancer Research
(1997b) Food, Nutrition and the Prevention of Cancer: a Global Perspective.
American Institute for Cancer Research: Washington, DC
Zeegers MP, Goldbohm RA, Brandt PA (2001a) Are retinol, vitamin C, vita-
min E, folate and carotenoids intake associated with bladder cancer risk?
Results from the Netherlands Cohort Study. Br J Cancer 85: 977–983
Zeegers MP, Goldbohm RA, van Den Brandt PA (2001b) Consumption of
vegetables and fruits and urothelial cancer incidence: a prospective study.
Cancer Epidemiol Biomarkers Prev 10: 1121–1128
Zhang Y, Talalay P (1994) Anticarcinogenic activities of organic isothiocya-
nates: chemistry and mechanisms. Cancer Res 54: 1976s–1981s
E
p
i
d
e
m
i
o
l
o
g
y
Fruit and vegetables and bladder cancer risk
DS Michaud et al
965
ã 2002 Cancer Research UK British Journal of Cancer (2002) 87(9), 960–965